The effects of bread consumption change over time on anthropometric measures have been scarcely studied. We analysed 2213 participants at high risk for CVD from the PREvención con DIeta MEDiterránea (PREDIMED) trial to assess the association between changes in the consumption of bread and weight and waist circumference gain over time. Dietary habits were assessed with validated FFQ at baseline and repeatedly every year during 4 years of follow-up. Using multivariate models to adjust for covariates, long-term weight and waist circumference changes according to quartiles of change in energy-adjusted white and whole-grain bread consumption were calculated. The present results showed that over 4 years, participants in the highest quartile of change in white bread intake gained 0·76 kg more than those in the lowest quartile (P for trend¼ 0·003) and 1·28 cm more than those in the lowest quartile (P for trend ,0·001). No significant dose -response relationships were observed for change in whole-bread consumption and anthropometric measures. Gaining weight (.2 kg) and gaining waist circumference (. 2 cm) during follow-up was not associated with increase in bread consumption, but participants in the highest quartile of changes in white bread intake had a reduction of 33 % in the odds of losing weight (.2 kg) and a reduction of 36 % in the odds of losing waist circumference (. 2 cm). The present results suggest that reducing white bread, but not whole-grain bread consumption, within a Mediterranean-style food pattern setting is associated with lower gains in weight and abdominal fat.
The increasing rates of overweight and obesity worldwide have been attributed to social and lifestyle changes, including dietary habits and physical activity (1, 2) . Dietary habits play a pivotal role in the development of overweight and obesity (3) . Because abdominal obesity is more closely associated with diabetes mellitus (DM), CVD and total mortality than adipose tissue accumulation in other regions of the body (4, 5) , several epidemiological studies have investigated the relationship between diet and general or abdominal obesity with different results (6, 7) . Some of these studies have specifically investigated the associations between cereal consumption and BMI or abdominal fat. They have shown inverse associations with anthropometric variables for whole-grain cereals but conflicting results for white cereals (8) . Factors such as postprandial insulin responses, gastric emptying after consuming a high-glycaemic index (GI) meal and other factors could be implicated in a potential differential effect of white v. wholegrain cereals on adiposity (9) . White bread is the main staple consumed in Spain that substantially contributes to total energy intake. A higher average consumption of a food item usually reflects also a wider between-subjects variability, and this is an ideal setting to assess the health consequences of the consumption of that item. This is the case of white bread in Spain.
To address the relation between bread consumption and changes in weight or waist circumference over time, we evaluated the effect of the change in bread consumption over a 4-year period on weight or abdominal fat gain among a large sample of subjects at high risk for CVD. These participants were part of the PREvención con DIeta MEDiterránea (PREDIMED) trial, the first large randomised controlled trial for the primary prevention of CVD that allocates participants to one of three dietary patterns, namely, two Mediterraneantype diets (Med-diet) with different fat sources, mixed nuts or virgin olive oil and one low-fat diet (control group) (10, 11) .
Methods

Study population
The present study has been conducted within the frame of the PREDIMED trial. The design of the PREDIMED trial has been reported in detail elsewhere (10, 11) . Briefly, the PREDIMED trial is a large, parallel-group, multicentre, randomised and controlled 6-year field trial that aims to assess the effects of a Med-diet on CVD in which participants are assigned to one of three different dietary patterns: low-fat diet; Med-diet supplemented with virgin olive oil; and Med-diet supplemented with nuts (12) . The study population is composed of men aged between 55 and 80 years and women aged between 60 and 80 years, with no previously documented CVD, but at high cardiovascular risk. Inclusion criteria were either type 2 DM or at least three of the following risk factors: current smoking, hypertension, LDL-cholesterol . 4·110 mmol/l, HDL-cholesterol , 1·034 mmol/l, overweight/ obesity or a family history of premature CHD. The present study was designed as an observational prospective analysis in a subsample of participants of the PRE-DIMED trial (11) , whose complete dietary information was collected at baseline and after 4 years of follow-up (n 3071). Subjects with implausible data on baseline total energy intake (, 3349 or 16 748 kJ/d in men and , 2093 or . 14 654 kJ/d in women) (13) and those with outlier values for exposure or outcome data were excluded. Finally, 2213 participants were analysed (Fig. 1) .
The present study was conducted according to the guidelines laid down in the Declaration of Helsinki (14) and all procedures involving human subjects/patients were approved by the institutional review boards of the participating centres.
Outcome assessment
The baseline and the 4-year follow-up examination included the assessment of weight and height measured with calibrated scales and wall-mounted stadiometers, respectively. Subjects wore indoor clothing and no shoes. Waist circumference was measured midway between the lower rib margin and the iliac crest using an anthropometric tape. BMI was calculated as weight in kg divided by the square of height in m.
The outcomes after 4 years of follow-up were: (1) change in body weight after 4 years of follow-up; (2) change in waist circumference after 4 years of follow-up; (3) risk of gaining or losing more than 2 kg of weight; and (4) risk of gaining or losing more than 2 cm of waist circumference.
Dietary exposures
All participants were also asked to complete, at baseline and every subsequent year, a 137-item semi-quantitative FFQ repeatedly validated in Spain (15) . The frequencies were registered in nine categories that ranged from 'never or almost never' to ' . 6 times/d'. Energy and nutrient intake were derived using Spanish food composition tables (16) . The consumption of total, white and whole-grain bread at baseline and in every follow-up assessment was adjusted for total energy intake using the residuals method (17) . We also determined change in bread consumption after 4 years of follow-up. These changes in consumption were categorised into quartiles. It is important to note that the first quartile of change indicates a decrease in bread consumption, whereas the highest quartile represents an increase in the consumption of all types of bread. Finally, to assess the association between change in bread consumption (categorised as decrease, no change or little change and increase in consumption) and changes in food groups, the second and third quartiles of bread consumption change were merged in an additional analysis.
We also determined alcohol intake and the energy-adjusted intake of food groups such as legumes, vegetables, fruits, fish, meat, olive oil, nuts, dairy products, cereals (sources other than bread) and sweets and nutrients such as SFA, PUFA and MUFA, proteins and dietary fibre at baseline and after 4 years of follow-up. Changes in intake were defined as the difference in intake between the two points in time.
Assessment of non-dietary variables
Physical activity was measured at baseline and during the 4-year follow-up visit using the validated Spanish version of the Minnesota Leisure Time Physical Activity Questionnaire (18) . Physical activity levels at baseline and after 4 years of follow-up were categorised into tertiles. Change in physical activity during the 4 years of follow-up was categorised into three groups: increase, decrease and no change in physical activity over time. We considered that a participant had increased his/her physical activity if the participant had moved to a higher tertile of physical activity from baseline; a participant had decreased his/her physical activity if the participant had moved to a lower tertile from baseline; and a participant had not changed the physical activity level if he/she remained in the same tertile at baseline and after 4 years of follow-up.
Lifestyle, health conditions, smoking habits and sociodemographic variables were assessed by a general questionnaire, as described in detail previously (10) . Change in smoking status between baseline and the 4-year follow-up were categorised into two groups: no change and cessation of smoking over time.
Moreover, the baseline assessment also collected data regarding the prevalence of previous diseases such as DM or other medical conditions.
Statistical analysis
For descriptive purposes, we calculated means, standard deviations and proportions of characteristics at baseline and after 4 years of follow-up across quartiles of change in bread consumption. Moreover, we analysed the association between changes in total bread consumption and changes in different food groups through ANOVA tests.
Multivariate means and their 95 % CI for anthropometric measures at baseline according to quartiles of initial consumption of total, white and whole-grain bread and increases in anthropometric measures according to quartiles of change in the consumption of total, white and whole-grain bread were calculated using generalised linear models. The lowest quartile of bread consumption at baseline and the lowest quartile of change in bread consumption were considered as the reference categories. Finally, ordinal logistic regression analyses were fit to assess the association between the change in each type of bread consumption (quartiles) and a clinically meaningful gain or loss (.2 kg) in body weight and waist circumference (. 2 cm) after 4 years of follow-up. A change no higher than 2 kg or 2 cm was considered as the reference category in all the analyses.
Multivariate models included age (continuous variable), sex, intervention group, weight or waist circumference (continuous variable) and prevalence of type 2 DM at baseline, 4-year change in physical activity and smoking, and change in alcohol, energy and macronutrients intake after 4 years of follow-up (continuous variables). In additional analyses, the changes in intake of total dietary fibre and dietary fibre from Bread consumption and adiposity 339 other sources than bread were also considered as possible confounders. Finally, we repeated the multivariate analyses, adjusting the results for changes in different food groups (legumes, vegetables, fruit, fish, meat, olive oil, nuts, dairy products, cereals excluding bread and sweets) after 4 years of follow-up instead of changes in macronutrients intake.
All P values presented are two-tailed and statistical significance was defined a priori at P,0·05. Data analyses were performed using SPSS 15.0 (SPSS, Inc.).
Results
The median intake of energy-adjusted total bread was 126·5 (SD 69·1) g/d, the median intake for white bread was 98·7 (SD 79·3) g/d and the median intake for whole-grain bread was 27·8 (SD 60·4) g/d. After 4 years of follow-up, the median energy-adjusted change in total bread consumption ranged from 298·72 g/d (first quartile) to 84·77 g/d (fourth quartile). The change for white bread ranged from 2107·53 to 87·29 g/d and for whole-grain bread from 2 55·43 to 57·17 g/d.
The main characteristics of the study population at baseline and their changes over time across extreme quartiles of changes in white and whole-grain bread intake are shown in Table 1 . In general, among the participants allocated to the low-fat diet group, in comparison with those allocated to the Med-Diet intervention groups, the proportion of bread consumption increased. A decrease in total energy intake and fibre intake was observed for the subjects in the highest category of change of white bread consumption, whereas an increase in total energy intake and fibre was seen for those participants in the highest category for change in wholegrain bread. Physical activity tended to decrease for participants who increased their bread consumption (for both white and whole grain). Table 2 shows the association between changes in total bread consumption and changes in food groups after 4 years of follow-up. The participants who decreased their consumption of total bread increased their consumption of vegetables, dairy products, fish, cereals (other than bread) and sweets. Similarly, those who increased their bread consumption decreased the consumption of these groups of foods. Moreover, meat consumption decreased in the follow-up period, but this decrease was higher among those participants who increased their bread consumption.
Multivariate models
As no significant interactions between the trial intervention and changes in total, white or whole-grain bread consumption were found, all the analyses were carried out including the overall sample. In the cross-sectional analysis, we did not find a significant dose-response relationship between baseline consumption of each type of bread and anthropometric variables (Table 3) . Table 4 shows the average weight gain (in kg) and waist gain (in cm) according to quartiles of change in total, white and whole-grain bread consumption during the 4 years of follow-up, adjusted for potential confounders.
In general, increases in total bread consumption were associated with more weight gain (mean weight change of 0·16 kg after 4 years in the lowest quartile and of 0·82 kg in the highest quartile, P for trend¼0·019) and with more waist circumference gain (mean waist change of 1 cm after 4 years in the lowest quartile and of 2·34 cm in the highest quartile, P for trend , 0·001). For white bread, results were very similar for weight (mean weight change of 0·14 kg after the follow-up period in the lowest quartile and of 0·90 kg in the highest quartile, P for trend¼ 0·003) and for waist circumference gain (mean waist change of 1·11 cm in the lowest quartile and of 2·39 cm in the highest quartile, P for trend, 0·001). No significant dose-response relationship was observed for change in whole-bread consumption and anthropometric measures.
The adjustment for total dietary fibre intake had little effect on these results (data not shown). Further, adjustment for dietary fibre from sources different from bread did not change the reported results (data not shown). We repeated the analyses, adjusting the results for changes in food group consumption instead of changes in macronutrients intake. We found similar results for the analysis of the association between changes in whole-grain bread and white bread consumption and changes in anthropometric variables (data not shown).
During the 4 years of follow-up, 540 subjects gained .2 kg of weight and 831 participants gained .2 cm in waist circumference. The number of participants who lost weight and decreased their waist circumference during the follow-up was 724 and 732, respectively. Multivariate OR (95 % CI) for weight gain or loss (. 2 kg) and for waist circumference gain or loss (.2 cm) according to quartiles of changes in bread consumption were calculated (Table 5) . Changes in the consumption of any type of bread during 4 years of follow-up were not associated with the risk of gaining more than 2 cm in waist circumference or more than 2 kg in weight among the PREDIMED participants. When compared with subjects who were in the lowest quartile of change in white bread consumption, participants in the highest quartile (Q) showed a significant reduction in the odds of losing weight (. 2 kg) and waist circumference (.2 cm) of 33 and 36 %, respectively. Moreover, a significant inverse dose-response relationship was found for the increment in the consumption of white bread and the probability of losing weight (P for trend¼0·021) and waist circumference (P for trend¼ 0·009). The adjustment of the results for changes in food groups intake had little effect on the results regarding waist circumference gain (data not shown). However, we found an attenuation of the association between changes in white bread consumption and the possibility of losing weight (. 2 kg): Q1: 1 (reference), Q2: 0·77 (0·58-1·03), Q3: 0·85 (0·63-1·16), Q4: 0·76 (0·54-1·06) (P for trend¼ 0·142)
Discussion
To our knowledge, this is the first prospective cohort study to report significant associations between an increase in bread 
Med-diet, Mediterranean-type diet; METs, metabolic equivalents. * Change from baseline is presented (e.g. negative values represent a decrease in the particular characteristic).
consumption (in g/d) and weight or waist circumference gains in a sample of participants at high cardiovascular risk (PRE-DIMED trial). The present results suggest a dose-response relationship between the increase in white bread consumption and weight or waist circumference gain. Moreover, gaining weight (.2 kg) and gaining waist circumference (. 2 cm) during follow-up were not associated with an increase in bread consumption, but losing weight and waist circumference were associated with a decrease in white bread consumption. In addition, when changes in the consumption of whole-grain bread were assessed, we did not find any significant relationship with anthropometric changes. The large sample size and the thorough information collected allowed us to comprehensively adjust for potential confounding, including both dietary and non-dietary confounders. Nonetheless, the present study has some limitations. The only source of information on food consumption was a self-administrated FFQ. FFQ are known to contain measurement errors. Nevertheless, Fernández-Ballart et al. have recently published a study to assess the reproducibility and relative validity of the self-administered FFQ used in the PREDIMED study. They concluded that this FFQ had good reproducibility and a relative validity similar to those FFQ used in other prospective studies (15) . Anyway, the most likely effect of the measurement error derived from assessing dietary habits using FFQ would have been to attenuate the true association between bread consumption and adiposity, given the prospective nature of the present study.
Because many dietary factors may induce metabolic alterations within a relatively short latency period, we assessed changes in bread that were concurrent with weight or waist circumference gain (13, 17) . The present study design may limit the drawing of causal inferences. Confounding also poses a challenge in the study of bread consumption, as increased consumption may be a marker for changes in other health behaviours. However, we adjusted the regression models for changes in several other lifestyle and dietary behaviours, including smoking, physical activity and fat consumption, with only a modest attenuation of the relation between bread consumption change and weight and waist circumference gains.
In the present study, the adjustment for total dietary fibre or for fibre from sources different from bread did not change the results. Thus, the difference between white and whole-grain bread would not be attributed to the increased fibre content of whole-grain bread. Nevertheless, Estruch et al. (10) assessed the effects of a 3-month change in dietary fibre intake on cardiovascular risk factors in 772 subjects from the PREDIMED study, observing that body weight, waist circumference and mean systolic and diastolic blood pressure decreased across quintiles of fibre intake (P, 0·005; all). We considered it interesting to investigate by which food groups bread consumption was replaced. It is really remarkable that individuals who decreased their bread consumption increased their fruit, vegetable, fish and olive oil consumption. Also, individuals who increased their bread consumption decreased their dairy intake. These changes in consumption could also be a consequence of the Table 2 . 
0·001
Dairy products intervention with the Mediterranean diet (more olive oil, fruits, vegetables and fish) or with the low-fat diet (more bread). Although these associations could suggest that changes in weight would be explained by dairy product and vegetable consumption changes, the additional adjustment for these kinds of foods, using the same analysis carried out by Mozaffarian et al. (19) , did not modify the reported results. Only the results for the association between the change in white bread consumption and the possibility of losing weight (.2 kg) were attenuated after adjusting the results for food groups instead of macronutrients. Although it seems to be an interesting result, we can not exclude the possibility of a statistical overadjustment of the present results.
To our knowledge, only one other prospective study, the European Prospective Investigation into Cancer and Nutrition study, has analysed the relationship between changes in bread consumption and waist circumference gain. Similar results to those found in the present analysis were observed. Whereas the authors failed to find a significant association for the change in whole-grain bread consumption, they reported a 
, 0·001 Change in white bread consumption n 553 553 554 553
, 0·001 Change in whole-grain bread consumption n 553 553 554 553
* Multivariate means calculated using generalised linear models. The means were adjusted for age, sex, intervention group, weight at baseline, prevalence of diabetes mellitus at baseline, change in energy, alcohol, proteins, SFA, PUFA and MUFA and change in smoking and physical activity. † Multivariate means calculated using generalised linear models. The means were adjusted for age, sex, intervention group, waist circumference at baseline, prevalence of diabetes mellitus at baseline, change in energy, alcohol, proteins, SFA, PUFA and MUFA and change in smoking and physical activity. direct association between the increase in white bread consumption and annual visceral adiposity gain, independent from BMI (20) . Moreover, we have recently reviewed this relationship by groups of foods in which bread consumption was also included (21) . There are twelve prospective studies (22 -33) that studied several groups of food items in which bread consumption was also included. Thus, we cannot know in what proportion the bread consumption (and not just cereals) influenced weight gain. In four of the mentioned prospective studies (22, 27, 32, 33) , the group of food items that included bread did not differentiate between the effects of bread type, while the other eight studies (23 -26,28 -31) observed differences between groups that included white or whole-grain bread.
No unfavourable effects on ponderal status were found in the studies that analysed groups of food items that included whole-grain bread (23, 26, 30) . Only four studies observed an unfavourable relationship for groups that included white bread: three in waist circumference alone (25, 28, 31) and one in weight gain in which the group that included whole-grain bread demonstrated the contrary effect (24) . The rest of the studies did not find any significant association between the type of bread consumed and changes in anthropometric measures (22, 29) or they found a favourable influence in groups that included both types of bread (27, 32, 33) . There are some controlled intervention studies (34 -37) examining the effect of diets (in which bread consumption was also included) on the reduction of weight or weight maintenance over the long term. The study of McAuley et al. (36) showed than diets high in fats and high in proteins produce greater weight loss and reduction in waist circumference than diets high in carbohydrates (rich in bread), although other intervention studies indicated that the bread content of the diet did not influence variation in body weight (34, 35, 37) . Similar to other mentioned studies, the present results also suggest that the different compositions of whole-grain and white bread have different influences on body weight and abdominal fat. Perhaps, factors such as postprandial insulin responses, gastric emptying after consuming a high-GI meal and other factors could be implicated in the potential variations in effects of different cereal types on adiposity (9) . The present study population has a high prevalence of CVD risk factors, like type 2 DM, hypertension, hyperlipidaemia, overweight/obesity and low levels of HDL-cholesterol (11) , which suggests an increased insulin resistance status in most of the participants in the PREDIMED trial. Thus, the high GI of white bread, compared with whole-grain bread, could be implicated in the different postprandial insulin responses and their different effects on body composition.
Romaguera et al. (38) suggested that a diet low in GI and energy density may prevent visceral adiposity, defined as prospective changes in waist circumference/BMI. A study (39) performed on a sample of 3734 Italian children showed that dietary GI is an independent determinant of body fat distribution and of total adiposity in children. Other studies have suggested that a food pattern with a high GI may promote the development of both general and abdominal obesity (40) . Finally, it is important to remark that the consumption of bread, which has been part of the traditional Spanish diet, has continued to fall in Spain and in the rest of the world (41) . However, although bread consumption has been decreasing over the past decades, the world epidemic of obesity has been increasing (1) . To generalise the results of the present study to the general population, the special characteristics of the subjects in the study, a high cardiovascular risk and a high percentage of excess of weight, should be taken into account. A weakness of the study could be to have excluded the variable of dieting as a confounder. However, as adjustments for energy intake were made, in principle, the confounding effect of dieting may be clearly attenuated (42) . Although the number of participants analysed in the present study is lower than the number of participants recruited in the PREDIMED trial, we consider that a selection bias is highly improbable. The main characteristics of the excluded participants did not significantly differ from those of the participants followed up for the 4-year period.
In summary, the results of the present study show that decreasing total and white bread and maintaining wholegrain bread consumption in the setting of a Mediterraneanstyle diet could help in reducing weight and abdominal fat gain.
The Mediterranean diet is characterised by high consumption of whole-grain bread, fruits, vegetables or legumes with high fibre content. Thus, if white bread consumption has to be reduced, it should be replaced by these Mediterranean components. However, the study also suggests that clinically relevant increases in weight and abdominal fat are not attributed to an increase in bread consumption. Other studies are needed to be carried out in other population groups and countries.
